Phosphorus retention occurs from higher dietary phosphorus intake relative to its renal excretion or dialysis removal. In the gastrointestinal tract the naturally existing organic phosphorus is only partially (~60%) absorbable; however, this absorption varies widely and is lower for plant-based phosphorus including phytate (<40%) and higher for foods enhanced with inorganic-phosphoruscontaining preservatives (>80%). The latter phosphorus often remains unrecognized by patients and health care professionals, even though it is widely used in contemporary diets, in particular low-cost foods. In a non-enhanced mixed diet, the digestible phosphorus is closely correlated with total protein content, making protein-rich foods a main source of natural phosphorus. Phosphorus burden is more appropriately limited in pre-dialysis patients who are on low protein diets (~0.6 g/kg/day), whereas dialysis patients who require higher protein intake (~1.2 g/kg/day) are subject to a higher dietary phosphorus load. An effective and patient-friendly approach to reduce phosphorus intake without depriving patients of adequate proteins is to educate patients to avoid foods with high phosphorus relative to protein such as egg yolk and those with high amounts of phosphorus-based preservatives such as certain soft drinks and enhanced cheese and meat. Proteinrich foods should be prepared by boiling, which reduces phosphorus as well as sodium and potassium content, or by other types of cooking induced demineralization. The dose of phosphorus-binding therapy should be adjusted separately for the amount and absorbability of phosphorus in each meal. Dietician counselling to address the foregoing aspects of dietary phosphorus management is instrumental for achieving reduction of phosphorus load.
Introduction
An important aspect of the management of chronic kidney disease (CKD) patients is the mineral and bone disorders (MBD), the surrogates of which are predictors of clinical outcomes, including higher risk of vascular calcification and mortality [1] [2] [3] . This is clearly evident in dialysis patients, where hyperphosphatemia is associated with increased cardiovascular morbidity and mortality. [4] Phosphorus retention happens early in CKD and worsens as CKD progresses. In a recent study, Zoccali et al [5] reported that in patients with proteinuric nephropathies serum phosphorus is an independent risk factor for renal disease progression and may limit or even blunt the renoprotective effect of ACE inhibitor therapy. In this article we review the pathophysiology of CKD-MBD as it pertains to dietary phosphorus load and examine different types of phosphorus in food.
Early Phosphorus Retention in CKD
The pathogenesis of CKD-MBD is multifactorial and, in addition to hyperphosphatemia, includes changes in calcium, calcitriol, PTH and FGF-23. [1] However, the tendency to phosphorus retention, based on an excessive dietary intake relative to residual renal function, plays a central role [6] [7] [8] [9] [10] . Higher dietary phosphorus load may inhibit the renal 1αhydroxylase directly and also indirectly through the increase in FGF-23; the decline in the circulating levels of natural calcitriol leads to relative hypocalcemia and stimulates the synthesis and secretion of PTH. In addition, evidence suggests that the increase in circulating phosphorus level, irrespective of changes in serum calcium and calcitriol, can enhance the synthesis and secretion of PTH leading to hyperplasia of the parathyroid glands. The recently discovered FGF-23 axis also affects calcium-phosphorus metabolism leading to even more complex interactions between the above-mentioned pathways. However, a key and early role player in CKD-MBD is still believed to be the retention of phosphorus. [10] [11] It is now evident that FGF-23 increases in early stages of CKD especially in response to dietary phosphorus load leading to higher fractional excretion of phosphorus via kidneys; hence, an apparent "normophosphatemia" ensues at the expense of heightened FGF-23 pathways. The foregoing mechanisms explain the need for early dietary control of phosphorus load [12] . In addition to these renal and endocrine pathways, a gut-kidney axis may contribute to short-term regulation of phosphorus by "sensing" the load of intestinal phosphate, which induces phosphaturia even before an increase in circulating phosphorus occurs [13] . Hence, hyperphosphatemia, which is quite common in well-nourished dialysis patients and which is a marker for dietary phosphorus load in these patients, may not be evident in earlier stages of CKD, where increased renal fractional excretion of phosphorus through increased FGF23 and PTH plays an important role. Combined assessment of serum phosphorus and FGF-23 levels and fractional excretion of phosphorus may become the future approach in therapeutic decision making for non-dialysis dependent CKD patients [14, 15] . organism, as it plays a role in many fundamental biological and enzymatic reactions to maintain life due to its high chemical reactivity. Most of the total body phosphorus, i.e., about 80%, is found in bones and teeth in form of calcium salts, whereas about 20% is present in soft tissues and body fluids, where it is in the form "organic" phosphorus and as a constituent of nucleic acids, phospholipids and phosphoproteins, as well as such energy modulating molecules as ATP, AMP, and GMP. The "inorganic" phosphates in the skeletal system serves as the buffering system to not only maintain the acid-base homeostasis but also to harbor phosphorus reserves.
Given the wide-spread presence of phosphorus in animal and plant based foods, the daily dietary requirement for phosphorus is generally adequately satisfied. The recommended intake of phosphorus is approx. 800 mg for adults and 1000 to 1200 mg for adolescents and pregnant or breast-feeding women. In the natural food the main source of phosphorus is from protein, whereas some degree of phosphorus absorption also happens from non-protein based phosphorus such as nucleic acids and, of a lesser degree, in form of phytates in plant foods (see below).
Circulating Level of Phosphorus
In plasma, the normal level of phosphorus is 2.5-4.5 mg/dL. Under normal physiologic conditions with an extracellular fluid pH of 7.4, hydrogen ion is bound to phosphate either as one (HPO 4 2 − ) or di-hydrogen structure (H 2 PO 4 − ) at a 4:1 ratio, which explains why the average phosphate valence is 1.8 in body fluids. Serum phosphorus measurement usually yields same concentration as plasma. Serum phosphorus level remains within normal range until the late stages of CKD; therefore, as discussed above, lack of hyperphosphatemia must not be interpreted as normal renal function [16] . Instead, even a slight increase in serum phosphorus levels towards borderline high levels but still within the "normal range" may suggest phosphorus retention in early stages of CKD. This trend may happen when glomerular filtration rate falls below 50 ml/min per 1.73 m 2 and may be accompanied by the increase in PTH and FGF-23 as described above [17] [18] [19] .
Phosphorus Digestibility and Intestinal Absorption
The absorption of phosphate in the intestinal epithelial cells occurs via a co-transport mechanism through active sodium/phosphate (Na + /P i ) co-transporters, which involves at least three different types of Na + /P i , i.e., NPT2a, b and c. This mechanism can be inhibited by nicotinamide, so that the administration of niacin may be used as an effective approach to reduce the intestinal absorption of phosphorus and to lower circulating phosphorus level [20] . Upon intake of natural (non-enhanced) food, approximately 60% of the dietary phosphorus is absorbed in the intestine as phosphate. This proportion may increases to 80% when the circulating level of calcitriol increases. In normal adults, dietary phosphorus load is counterbalanced by a phosphorus excretion in urine that equals its net intestinal absorption. The so-called phosphatonines, in particular FGF-23 as described above, reduce the expression of co-transporters NPT2a, b and c but, but unlike PTH they also inhibits the renal 1-alpha hydroxylase leading to a reduction in the in-vivo synthesis of calcitriol by the kidneys [21] . Hence, the net phosphorus load from food intake is a function of phosphorus content of the ingested food, phosphorus bioavailability from different sources of diet, the food preparation modality (see below), and of vitamin D status.
Phosphorus from unprocessed food
In natural foods phosphorus is present both as inorganic ions and as constituent of phosphoproteins but also as membrane phospholipids, ATP, ADP, DNA, and RNA. In a mixed diet, the phosphorus content is usually proportional to the amount of protein content. Indeed protein-rich foods are historically and naturally the main source of dietary phosphorus. Several equations have been advanced to estimate the content of phosphorus based on the amount of protein of a mixed diet, including the following by Boaz and Smetana [22] :
Another similar equation was recently developed in a dietary assessment study of the US American dialysis patients by Kalantar-Zadeh et al [26] :
Finally, in a cohort of 260 Italian subjects, the following equation has recently been developed by Cupisti et al. [23] :
However, it is important to note that these equations should be used for a typical meal intake consisting of different types of food and not for a single type of food exclusively. This relatively constant relationship between the content of phosphorus and protein in a mixed diet can be significantly different by a deliberate choice and food restricted to certain nutrients, e.g. mostly egg whites as will be discussed later. Table 1 provides an overview of the content of phosphorus in major foods. Most foods that are marked with no added phosphorus are supposed to be natural and raw. The highest concentrations of phosphorus are found in cereal grains (120-360 mg/100 g), cheese (220-700 mg/100 g), egg yolk (586 mg/100 g) and legumes (300-590 mg/100 g). The phosphorus content in the flesh and meat can vary from 170 to 290 mg/100 g, while in fish it varies from 190 to 290 mg/100 g, as the natural type of inorganic phosphorus is contained in phosphoproteins and phospholipids and can be up to 40% of the total natural dietary phosphorus [24] . Phosphopeptides usually contain clusters of phosphoserines, which can effectively bind calcium and iron. They inhibit the formation of insoluble calcium phosphates or iron complexes. They are present in milk protein casein but more abundantly in egg yolk [25] .
The proportion of phosphorus which is absorbed throughout the gastrointestinal tract is 60% of the ingested phosphorus on average. The bioavailability of phosphorus varies widely, however, depending on level of 1,25 (OH)2 vitamin D and activation of the intestinal vitamin D receptors as well as the degree of digestibility of the food and its phosphorus, and the presence of compounds that can bind to phosphorus by inhibiting the gastrointestinal absorption (e.g. calcium, magnesium, aluminum) [26] . Phosphorus in animal based foods such as meat or fish is more readily bioavailable than that found in foods of plant origin such as legumes ( Table 1 ). The former is present as inorganic salts or as part of organic compounds, which are cleaved by hydrolases in the intestinal tract releasing inorganic phosphorus upon absorption. The latter phosphorus is largely in the form of phytate [27] .
Phytates are found mainly in cereals and legumes, where they are concentrated in the seeds and fibrous parts. Hence, they are abundant in whole grain products, and virtually absent in refined products. In monogastric animals, including humans, the enzyme phytase is not expressed; therefore phytate degradation occurs only partially, if at all, by the intestinal bacterial flora or to some extent by non-enzymatic hydrolysis reaction [27] . This results in lower bioavailability of dietary phosphorus of plant origin, which remains below 50% (usually 30% to 40%), which is in contrast to the digestible proportion of meat, chicken or fish, which can be as high as 60% to 80%. Interestingly, according to some experts phytates are considered as the so-called "anti-nutritional factors" due to their ability to bind divalent cations and thus chelating and preventing their absorption. This addresses the agro-food research towards addition of the enzyme phytase in products intended for human or animal breeding with the aim of reducing the chelating action and at the same time increasing the bioavailability of phosphorus. Indeed soaking and extraction in aqueous solutions are able to remove some phytic acid through the activation of plant endogenous phytase [28] . This is the area of major knowledge gap in the field of renal nutrition as it pertains to dietary phosphorus management. Hence, it is possible that the traditional approach to CKD patients by restricting their intake of legumes (beans, peas, lentils, etc.), nuts, seeds and chocolate is indeed of no major relevance. A recent study by Moe et al [29] showed that, provided the same amount of dietary phosphorus content, one week of a vegetarian diet led to lower serum phosphorus levels and decreased FGF-23 when compared with a meat-containing diet. Hence, not only the total amount but also the plant-vs.-animal type of dietary phosphorus intake plays a significant role in phosphorus management of CKD patients [29] .
In the field of dietetics, various procedures have been implemented such as the addition of phytase or phosphatase enzymes of plant origin to the whole wheat flour, or inducing the activation of endogenous phytase by prolonged soaking and germination of wheat. All these procedures, promoting the degradation of phytic acid, improve the nutritional level of the food in general, but not for patients with kidney disease, who need to limit the dietary phosphorus load and its digestibility. Some studies have examined the ability of several bacteria in degrading phytic acid with the aim to improve mineral availability and to provide nutritive benefits to the consumer [30] [31] . In livestock and agriculture related nutrition, bacteria are often added to mixture of cereals to degrade phytic acid in order to increase phosphorus bioavailability and, hence, the so-called "nutritional value" of vegetable foods, but this approach could pose a significant risk to CKD patients as the degradation of phytic acid produces free phosphorus that can be more readily absorbed. Similar concerns may exists with probiotics that may enhance phosphorus availability in gut.
Fruits and vegetables generally contain small amounts of phosphorus, but this is not true for certain plant seeds, nuts and legumes. Chocolate is another food that is exceptionally rich in phosphorus with an average content ranging from 355 to 540 mg per 100 g. The dark chocolate is rich of phytates, hence, given low bioavailability of this type of phosphorus the apparent high phosphorus content of chocolate should not cause a real dietary burden, which is in sharp contradistinction to the traditional dietary recommendations to CKD patients. On the other hand, in phosphate-bodied milk that is added to some types of chocolate a much higher and more readily absorbable phosphorus may exist, which is mainly in form of phospholipids (lisofosfaditilcholine, fosfaditilcholine, fosfaditil ethanolamine and fosfaditilinositol).
The direct correlation between the content of phosphorus and proteins of raw foods, as shown by equations developed by Boaz et al [22] , Kalantar-Zadeh et al [26] and Cupisti et al [23] can also be taken advantage of for dietary management of pre-dialysis CKD patient, in whom a low protein diet is usually recommended [32] ; however, high protein diet represent a serious obstacle to the patient on dialysis who would otherwise limit their intake of phosphorus in the face of an increased protein requirement [33, 34] . Since dialysis patients need to limit the intake of dietary phosphorus while maintaining high protein, the choice of food should fall back on foods with a lower amount of phosphorus per gram of proteins [35] and lower phosphorus digestibility [36] . The use of food composition tables that show the amount of phosphorus per 100 g of food or even more importantly per each gram of protein may be of great benefit for both the patient and the health care providers including dietitians and nephrologists [26, 35] .
A typical example of differential phosphorus to protein ratio is the egg and its components:, egg is rich in protein and in phosphorus. However, yolk contains most of the phosphorus, largely as phospholipids, with some amount of phosphoproteins. Indeed egg yolk based phosvitin is known as the most phosphorylated protein found in nature and contains a much greater proportion of phosphates in the molecule than casein [25] . Instead, the egg white contains higher portion of egg proteins (3.7 g per egg white) with an extremely low amount of phosphorus and virtually no cholesterol. Hence, the implementation of recipes involving egg whites allows an increase in intake of protein with a negligible supply of phosphorus. Indeed a recent study by Taylor et al. [37] found that substituting one meal per day with pasteurized egg white lowered serum phosphorus while serum albumin tended to increase in dialysis patients.
Changes of Phosphorus Intake by Industrial Processing: Food Preservatives
In modern society food and beverages are often consumed a long time after their production or in places far away from the production site. Notwithstanding these facts, the dietary product must satisfy safety guidelines and taste characteristics. This is why the food industry uses progressively more "food additives", also known as "preservatives", i.e., substances intentionally added to food for dietetic-preservative and financial purposes ( Table 2) . A food additive is a substance not normally consumed as a food in itself and not naturally present as an inherent ingredient of food. It is intentionally added to the enhanced food during production, processing, preparation, packing, transport or storage.
In the past three decades, the use of food preservatives has been increasingly expanded, although the use of additives has its origins in ancient times. Salting of meat and fish, adding lemon juice to fruit and vegetables to prevent browning, use of vinegar in the preparation of canned vegetables, addition of saltpeter in meat sausage, and the sulfidation of musts and wines are forms of additives derived from tradition and experience but not science, albeit not without any risk. The exponentially increased addition of preservatives to food is a consequence of modern changes in the cycle of food production, distribution and consumption. Currently used additives and preservatives are substances widely studied and documented with rather extensive toxicological and dietetic profiles, and their use is constantly under the control of national and international authorities within each jurisdiction, although to date no globally effective regulation appears to exist.
Phosphorus is the main component of most additives and is usually in form of phosphoric acid, phosphates or polyphosphates in the processed foods. In the European Community, the phosphorus-containing additives are used as acidity regulators (E338-E343), and as emulsifiers and thickeners (E442, E450-E452, E544-E545) ( Table 2 ). The food industry uses them in food processing for a variety of reasons, i.e., to extend conservation, enhance color, improve flavor and retain moisture. No limit is given with regards to the amount of phosphorus containing-preservatives; currently only a "technological" limit of 5 grams (as P 2 O 5 ) per kg of food exists. In other words, higher than 5 g concentrations are not useful and thus are usually not used, but one cannot exclude the possibility that higher concentrations may exist in certain types of food products.
The European Community (EC) Regulations obligate producers to report the presence of phosphates or polyphosphates on the food label, but the amount is not required. In addition, food labeling reports the preservatives as full name or initials, the so-called "E" series. Table  2 lists some of the most widely used additives containing phosphorus and the corresponding initials in the European Union countries. It is easy to appreciate that subjects who are unaccustomed to paying attention to the food composition labels can hardly avoid the extra phosphorus load coming from processed products.
Preservatives are largely used in meat products (e.g. chicken nuggets and cooked hotdogs), processed cheese spreads, pasta, or cooked and frozen dishes, puddings, sauces, bakery products, partially cooked and frozen foods, and soft drinks and beverages. Phosphorus is abundantly present as inorganic salts in these additives and thus more easily absorbed in the intestine 90% or higher rate [26, 29] . The major public health implications arising from these considerations is that the load of phosphorus derived from inorganic phosphorus in food additives is disproportionately high compared to phosphorus naturally present in nonprocessed foods. In the United States the dietary phosphorus burden from phosphoruscontaining preservatives has increased dramatically from an average of 470 mg/day in 1990's to over 1000 mg/day for a typical American diet in recent years [38] .
In the United States, but not in Europe, the addition of preservatives even to the fresh meat is allowed, in that the meat is literally injected with solutions containing water, salt, sodium phosphate and other natural flavors, in order to improve its appearance, flavor and tenderness, and to extend shelf life [38] . Most beverages contain little to no protein and, hence, any phosphate content is almost entirely from additives. As a consequence, patients who consume beverages with high phosphate content had serum phosphate levels that are often quite high whereas their nutritional status may be inferior [9] . Enhanced food with additives such as many fast food items are generally of lower quality and lower cost compared to the fresh products with no additives. Hence, poorer segments of the population are at greater risk of excessive dietary phosphorus exposure that is even more easily absorbable. Gutierrez et al [39] demonstrated that low socioeconomic status was associated with higher serum phosphate concentrations, despite a lower protein intake irrespective of race. A likely explanation was that low income patients usually eat relatively inexpensive processed and fast foods that are enriched with highly absorbable phosphorus additives.
With the exception of a recent study that has introduced a novel method to measure differential dietary phosphorus [24] , to date there is no other accurate and reproducible method for distinguishing the natural phosphorus content of a food from the phosphorus added as preservative. It must be taken into account, however, that all the polyphosphates added to a food over time degrade to phosphate ions becoming virtually indistinguishable from natural phosphate ions in the food. Usually, the presence of phosphorus-containing preservatives is quantified indirectly by the difference between the total amount of phosphorus contained in food and the expected one, based on its protein content. This practice has major limitations especially in the case of homogeneous mixtures (for example, mechanically deboned chicken sausage) or products including several phosphate-containing ingredients (e.g., combinations of milk, egg, meat) [39, 40] . In practice, the standard methodologies are used to evaluate the amount of phosphate (P 2 O 5 ) and total protein nitrogen on dry matter. From the measurement of P 2 O 5 (mg) to protein (g) ratio the phosphorus index is derived; for instance it is "25" for cooked hams. Above that value the addition of phosphorus containing preservative is rather certain [40] .
A recent study has shown that there is no difference between food without or with phosphorus-containing preservatives with regard to the percentage of dry matter and of total nitrogen, but total and inorganic phosphorus was markedly increased in the processed food [41] . This was largely expected, but the interesting point was about the quantity: ~100 mg of extra phosphorus was found per 100 grams of processed food [41] . Recalling that the phosphorus-containing preservatives are widely used and that this phosphorus is in inorganic form and therefore almost completely absorbed in the intestine, the dietary phosphorus load is exceptionally high and beyond what is estimated by a diet diary and/or dietary interview that provides results in terms of dietary composition of raw natural foods [42] . The importance of this point becomes particularly significant in CKD, transplanted and dialysis patients, in particular in those with low socio-economic status or those who receive no dietary education [43] . All this can undermine the effects of phosphorus-binder therapy that is expected to remove 200-300 mg of phosphorus per day [44] . In summary, given the widespread presence of phosphorus-containing preservatives in food and beverages (Table 2) , one can assume an extraordinarily high phosphorus exposure from additives. Indeed food additives can contribute more than 30% of the daily dietary phosphorus intake [45] . This type of dietary phosphorus burden is even more significant because it is almost completely absorbed, and because it interferes with phosphorus-binder therapy and the treatment costs and effectiveness, as these patients may require extra amounts of phosphorus-binder medications to achieve the same effect on phosphorus balance. Clinically, a lower efficacy of phosphorus binders and/or an increase in the number of doses and costs are expected. This scenario is amplified in the case of a typical American diet that seems to have a much higher content of phosphorus-containing preservatives than in many other nations [38] .
Changes of Phosphorus Intake by Home-Made Processing: Cooking
The considerations made thus far are based on the composition of foods and refer to the phosphorus content per 100 g of uncooked food, or on the recognition of the presence of phosphorus-containing additives in food. However, many foods are consumed after cooking, and this can result in changes in the natural composition of the nutrients [46] . Among the different methods of cooking, some are more favorable for health because they maintain or even improve the nutritional properties of food by increasing the bioavailability of the nutrients while creating lesser amount of unwanted substances Examples of more favorable cooking are steaming, baking and stewing. From a bioavailability preservation point of view, however, boiling is generally the least preferred because this procedure removes many nutrients (mainly minerals) from the food; nevertheless, this may be seen as a favorable approach for CKD patients because boiling reduces phosphorus content of the food along with lowering the content of sodium, potassium, calcium, and several other minerals in both plants and in animal based food.
After a prolonged boiling in water, a significant reduction in the phosphorus content of food occurs. Evidence suggests that a phosphorus reduction of up to 51% for vegetables, 48% for legumes, 38% for meat, 70% for the flour and 19% for the cheese ("cheddar") can be achieved [47] . In the case of vegetables, it is possible that favorable effect of phosphorus removal by boiling be partly counteracted by an increase in digestible phosphate derived from phytate processing; this is a clinically and dietetically impotant knowledge gap that needs further investigations. However this type of cooking may not result in the most appealing food for the patients because it reduces the palatability and taste of various components of the diet and because it requires relatively long preparation times [47] . The loss of minerals by boiling is a function of the amount of liquid used for cooking, time period, and the degree of food shredding. The interesting fact is that boiling allows a reduction in the phosphorus content of foods of animal origin, which are indispensable as a source of dietary proteins for dialysis patients who should receive high protein intake [48] . Boiling for 10-20 minutes reduces the phosphorus content of the meat or poultry by 30-50%, whereas the dry matter and protein are reduced by only 5-8% and 9-17%, respectively (Figure 1) . Hence, the phosphorus content per gram of protein is reduced significantly (Figure 2 ) As a result this procedure offers an effective way to constructively manipulate the positive relationship between dietary protein and phosphorus intake [46] . 
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Management of dietary phosphorus in clinical practice: Need for education
Dietary assessment of patients with CKD is possible through different methods [42] . The calculation of phosphorus intake from the dietary recall or interview may be inaccurate and indeed misleading. These estimates are generally based on the nutrient contents of the raw product and do not include any loss occurring via the cooking process. Moreover, they usually not consider the phosphorus from preservatives, nor do they distinguish between the phytates and other components with differential digestibility. Therefore it is difficult to define the actual dietary phosphorus load to the body from a standard food diary. Management of dietary phosphorus requires a multidisciplinary approach including input from nephrologists, renal dieticians and nurses, while the patient has a central role in decision-making. These challenges highlight the need for a highly professional team and a carefully thought-out multi-disciplinary approach, which includes dieticians [49] [50] [51] [52] and psycho-social support [53] . It has been estimated that it would take a full-time dietitian for every 100 to 180 CKD patients, a situation unlikely to be achieved in many countries [54] . A kidney disease trained dietician should counsel dialysis patients on restricting dietary phosphate intake with the assumption that 30% to 50% of patients starting dialysis therapy may not have ever met a dietician previously and hence would not have received any counseling [55] .
In a recent study of 191 hemodialysis patients and 105 dialysis nurses, phosphorus nutrition knowledge was lower than that of other nutrients, namely protein, potassium and sodium, even in hyperphosphatemic patients [56] . Although higher than in the general population, nutritional knowledge was unsatisfactory but well in keeping with those in a study by Pollack et al [57] who found a lack of appropriate nutritional education in hemodialysis patients, particularly regarding dietary phosphorus. Even though in this study nurses showed the best knowledge scores, the rate of correct answers for phosphorus items was only 55% on average [56] . Increased training and better information provided to nurses and to patients with poor control of serum phosphate, may facilitate more effective control of dietary phosphorus, reduction of patient care costs and improvement of the quality of care and possibly survival in dialysis patients.
One of the barriers to controlling dietary phosphorous intake is patient education; indeed up to 50% of patients receiving treatment at a dialysis clinic in the United Kingdom believed that dietary phosphate restriction was no longer necessary when they were taking phosphate binders [58] . A systematic review of the educational strategies for phosphorus reduction in CKD patients with hyperphosphatemia showed an average reduction of serum phosphorus levels of 0.72 mg/dL, and that the reduction increased to 1.07 mg/dl in the case of educational intervention for 4 months or longer [59] .
The net decrease in intestinal absorption of phosphorus is the first measure to be implemented at the very early stages of CKD, in order to prevent or correct the initial alterations of calcium-phosphorus metabolism, namely the increase of FGF-23, the inhibition of 1α-hydroxylase leading to reduced calcitriol synthesis, and the increase in the synthesis and secretion of PTH. The control and the reduction of the dietary protein and phosphorus, small amounts of calcium and the correction of any deficiency of vitamin D represent the first measures to be implemented in CKD. In dialysis patients diet alone is not able to control the phosphorus balance given the high protein requirement; hence, efforts are undertaken to limit the dietary phosphorus load by increasing the efficacy of intestinal phosphorus binding, The ideal phosphorus-binder would ardently bind dietary phosphorus, have minimal systemic absorption, have few side effects, have a low pill burden, and be inexpensive; however, none of the currently available oral phosphorus-binders meet all these criteria at the same time. As a result, dietary control of phosphorus burden and real nutritional education may help in reducing the pill burden and in control the excessive costs for this kind of drugs [41, 60] . Even a high dose of phosphorus binder agents can remove only up to 200-300 mg of dietary phosphorus while the daily dietary phosphorus load may surpass 1000 mg per day. Although these considerations appear obvious, there is a significant degree of nihilism in this sector with regard to dietary and nutritional counseling [44] . The use of phosphorus-binders has limited efficacy in the face of uncontrolled dietary phosphorus load. Recent evidence in healthy volunteers suggest that the amount of phosphorus that can be bound by lanthanum carbonate [61] is 135 mg per gram of Lanthanum (that is for 1g tablet), sevelamer binds 63 mg phosphorus per 2.4 g (namely 21 mg per 800 mg capsule) [62] , and calcium carbonate 45 mg and calcium acetate 44 mg per gram of substance [61] . Table 3 summarize the quantity of common food supplying an amount of phosphorus that equals the phosphorus binding capacity of 1 g of lanthanum carbonate tablet, 2.4 g sevelamer powder, a 667 mg tablet of calcium acetate, or a 1.25 g tablet of calcium carbonate. As shown Table 3 , even small amounts of phosphoruscontaining cheese or processed food can blunt the phosphorus binding capacity, thus reducing efficacy, or increasing costs or pill burden of the binder therapy.
In a recent review study, Daugirdas calculated the Phosphate-Binding-Equivalent-Dosage (PBED) among the available phosphorus-binder modalities [61] . For a 60 to 80-kg hemodialysis patient on a conventional thrice weekly treatment schedule and on a 1.0 g ⁄kg b.w. protein diet, a daily phosphorus-binding need of 290 or 500 mg has been calculated. Given an average mg phosphorus bound per gram of 45 mg, it follows that 11 g ⁄day of PBED will be needed to maintain phosphorus balance. Unfortunately, this analysis does not fit with the average PBED reported in studies on dialysis patients that is in the range of 4-7 g ⁄day [61] . Hence, it is possible that positive phosphorus balance persists despite apparent adequate control of serum phosphorus concentrations. These data suggest that adequate phosphorus balance is possible only when protein restriction is associated with P binder therapy.
A patient-friendly educational approach has recently been suggested by Kuhlmann et al to estimate the so-called "phosphorus unit" (100 mg phosphorus per serving size) in each meal, so that patient can determine how many phosphorus-binder pill he or she requires upon each meal intake. [63] We strongly believe that phosphorus-binder pills may not be suggested as a fixed number per meal but that the number of pills per each meal or snack should be dynamic and pro-actively adjusted for the amount and type of phosphorus in the given meal.
As an example, a patient who eats cheeseburger with soft-drink should take more pills, while the same patients may need less pills upon eating egg-whites and boiled chicken. Furthermore, the timing of pill intake has a bearing on phosphorus-binding, in that the pills should be taken with the meals and towards the end of the meal intake. Many dialysis patients may take the pills with empty stomach, for instance early morning before having breakfast or only upon drinking a coffee or tea with no solid food as their breakfast. In our opinion such wrong phosphorus-binding pill regimens could cause more harm than help and may lead to gastrointestinal complaints such as nausea, vomiting and bloating, which may severely compromise patient adherence to phosphorus-binding therapy.
Conclusion
A simple and effective approach to reduce the load of dietary phosphorus without reducing protein supply consists of educating patients to mitigate consumption of foods high in absorbable phosphorus (e.g., processed cheese and egg yolk), to avoid foods containing additives based on polyphosphates (such as certain types of soft-drinks), and to prefer vegetable based foods that have lower phosphorus-absorption, and to prefer boiling to other common methods of cooking. Table 4 provides an overview about three types of dietary phosphorus relevant to the management of patients with kidney disease. The multidisciplinary approach including close collaboration with the dietitian is essential to the work of nutrition education, to help the patient in the choice of foods, and promote the effective adherence to dietary rules, a crucial aspect of an integrated approach to CKD-MBD. Areas of knowledge gap about different sources of dietary phosphorus and their differential digestibility need to be examined in expert meetings that should identify and propose pathways to urgently needed research to this end. [ Food and beverages content of Phosphorus (given as mg P per 100 g of edible part, as mg P per gram of protein, and as mg P per serving) according to the different groups of foods. They are referred to standard servings for Italian people (Italian Society of Human Nutrition). The presence of added P by preservatives is also estimated as rare (−), possible (+), likely (++), certain (+++). Estimation of percentage of Gastro-intestinal (GI) absorption is also given as ≤ 40% (+); from 40 to 80% (++); > 80% (+++) § natural yeast contains phytase so that phosphorus from phytate is more available.
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